Abstract-A compact zeroth order resonance (ZOR) antenna based on composite right left handed Transmission Line (CRLH TL) with complementary split ring resonators (CSRR) is presented in this paper. In the proposed antenna, CRLH TL is realized by the conventional mushroom type (CMT) of structure. The unit cell of proposed antenna comprises the CMT structure and CSRR where the CSRR is etched on the patch of the mushroom. Presence of CSRR introduces the lumped components in the shunt arm of the unit cell which results in the reduction of the shunt resonance frequency. The presented antenna consists of 4 unit cells and is excited by the quarter wavelength TL. The simulation and experimental results are in close agreement. The proposed structure has nearly 8.32% footprint area of the conventional half wavelength antenna.
INTRODUCTION
In present time, the communication devices are becoming smaller due to the great integration of electronics, still the antenna system occupies the larger part of the overall package volume. So the developments in the wireless communication system call for the more compact antenna along with omnidirectional radiation pattern is also required to meet the current demands. Evolution of the Left handed metamaterials (LHM) give a new approach to realize the compact antennas [1] [2] [3] [4] [5] [6] , multi split ring resonator antenna [7] and patch antennas loaded with metamaterials [8] . They have some unique and unusual properties such as anti parallel phase and group velocity, zero propagation constant etc. which are not found in naturally occurred material.
In Microwave integrated circuit (MIC) environment they have been realized using the both resonant structures (split ring resonators (SRR) & complementary split ring resonators (CSRR)) and CRLH TL [9] [10] [11] [12] [13] [14] . Zeroth order resonance (ZOR) is the inherent property of the CRLH TL in which TL supports the infinite wavelength, so that the zero phase constant can be achieved at specific frequency. At this Zeroth order resonance mode, the resonance condition becomes independent of the resonator size, so this property is especially useful for the design of compact antennas. Based on this property, ZOR antennas are widely reported where the structures are composed with interdigital capacitor, shorted stub and CMT structure [9] [10] [11] [12] [13] [14] . The CMT structure suppresses the surface current and gives the vertical electric field distribution at the infinite wavelength frequency. Several works have been reported in variation of CMT structure for different application areas especially in the field of antenna [15] [16] [17] [18] . The concept of highimpedance electromagnetic surfaces is developed by Sievenpiper et al. using mushroom type of structure [19] .
This paper presents the compact zeroth order resonating antenna based on CMT structure with CSRR. In unit cell structure, CSRR is etched on the top of the patch of the CMT structure. The antenna, consisting four unit cells of proposed structure is simulated and fabricated. The experimental ZOR frequency of the antenna is observed at 2.66 GHz with monopolar radiation pattern in elevation plane and omnidirectional pattern in azimuth plane. The physical size of the unit cell and antenna at ZOR frequency are 0.072λ 0 × 0.072λ 0 × Figure 1 . Unit cell design. 0.014λ 0 and 0.072λ 0 × 0.29λ 0 × 0.014λ 0 respectively (with respect to simulated ZOR frequency), where λ 0 is the free space wavelength. Figure 1 shows the unit cell of the proposed antenna structure. It consists of a square patch of dimension W , a complementary split ring resonator (CSRR) with outer dimension W c and a short circuit post (via) of radius r 0 which are located at the center.
UNIT CELL DESCRIPTION

Unit Cell Design
The inner and outer rings of the CSRR having width c are separated by distance d. The unit cell is analyzed using commercially available simulator (Ansoft HFSS). For designing of antenna, Taconic substrate (ε r = 2.2, thickness = 1.57 mm and tan δ = 0.0009) is used. The design parameters taken for the analysis are given in Table 1 .
The dispersion diagram for the left handed (LH) region of the proposed unit cell is shown in the Figure 2 . The shunt resonance frequency is observed at 2.87 GHz. 
Parametric Analysis
Parametric analysis has been carried out for the shunt resonance frequency (f sh ) of the unit cell structure. Figures 3(a) , (b), (c) and (d) show the effect of the parameters variation on the shunt resonance frequency when the other parameters are kept constant. The design parameters value which are taken for this analysis, are mentioned in the Table 1 . Figure 3(a) shows the variation of the shunt resonance frequency with the gap d between the CSRR rings. On increasing the gap between the rings, resonance frequency will increase. Table 2 .
Results and Discussion
For the proposed antenna prototype, simulated and experimental input reflection coefficient are shown in Figure 5 . The values of input reflection coefficient are −14.96 dB (simulated) and −11.96 dB (measured) at the ZOR frequencies 2.735 GHz (simulated) and 2.660 GHz (measured) respectively. The input impedance (at ZOR frequency) of the proposed antenna is shown in Figure 6 . The value of input impedance is observed to be 34.392 + j0.6973 Ohm (simulated) at ZOR frequency. The 3D gain pattern of this antenna is shown in Figure 7 . The simulated and experimental radiation patterns of this antenna are shown in Figure 8 . Figure 8 antennas ( Figure 7 ) are similar to the monopolar radiation pattern. The simulated electric field distribution underneath the 4-cell antenna is shown in Figure 9 . Electric field distribution at ZOR frequency is in phase which verifies that operation is going on at infinite wavelength frequency.
CONCLUSION
In this study, a compact ZOR antenna based on CMT structure along with CSRR is presented. The proposed antenna exploits the ZOR property of the CRLH TL. Using the ZOR property of CRLH TL, one can reduce the antenna size. Using the concept of CSRR, this shunt resonance frequency can be further reduced because it adds the lumped component in the shunt arm of the unit cell. The size of the proposed antenna structure has been shrunk to 8.32% of the conventional half wavelength patch antenna at its ZOR frequency. The proposed antenna offers omnidirectional radiation pattern in XY plane. Therefore due to its features, the proposed antenna is suitable for use in wireless communication.
